Amido, carboidrato utilizado como reserva de energia na maioria das plantas, é amplamente empregado na industria alimentícia, seja como componente principal ou como um espessante. Tendo em vista a aplicação deste como um ingrediente na indústria de alimentos, o estudo das propriedades morfológicas e térmicas deste é de grande importância, pois pode prever seu comportamento durante e após o processamento deste. Metodologias como a microscopia eletrônica de varredura, espalhamento de luz e a microscopia ótica são as ferramentas mais utilizadas na caracterização morfológica do grânulo do amido gerando resultados precisos e boa qualidade. Com relação às metodologias para o estudo das propriedades térmicas, o analisador amilografico rápido e a calorimetria diferencial de varredura, são as mais utilizadas. O conjunto de resultados obtidos com essas metodologias, permite a conhecimento das propriedades tecnológicas do amido, caracterizando-os, e até mesmo identificar a origem deste.
INTRODUCTION
Starch is a polysaccharide, used as a reserve of energy in all plants, being abundant in seeds, roots and tubers. In contrast to the other types of carbohydrates, starches can be distinguished from other carbohydrates because they occur in nature, in specific particles called granules, which according to their origin may present different shapes and sizes (Damodaram et al., 2010) .
Substances such as lipids, proteins, ashes and mineral salts may be present in small amounts in the starch composition. The amount of these constituents in the starch depends on the method of extraction and the composition of the plant, and the lower the content of these substances, the better the starch quality (Peroni, 2003) . Structurally, starch is a homopolysaccharide composed of two polymers:
amylose, a linear polymer, and amylopectin, a highly branched polymer.
Amylose is an essentially linear polymer Amylopectin contributes to granule swelling, while amylose and lipids inhibit it (Rocha et al., 2008) .
Starch is widely used in the food industry to improve the technological properties in food systems (Peroni, 2003) . With this, the study of paste properties, tendency to retrograde, gelatinization temperature, granules morphology, water solubility, viscoelastic properties, paste clarity and is of great interest, since this information facilitates the development of new products, or even their improvement.
The texture of the starch paste is determined by the viscoelastic deformation and depends on the strength of the molecular bonds and the amount of broken granules. The consistency of the starch paste varies, depending on the degree of gelatinization and the swelling power of the bead. The clarity of pulp varies from light to opaque and is related to light scattering resulting from the association of amylose and other components present in the starch (Matsuguma, 2006) .
The objective of this work was to review the main techniques used in the morphological characterization of starch granules (scanning electron microscopy, light scattering and optical microscopy) and in the study of thermal properties (RVA and DSC).
Methods for studying the format of starch granules
According to Tester et al. (2004) 
Scanning electron microscopy
One of the techniques used to study the morphology of starch granules is scanning electron microscopy (SEM) (Amadou et al., 2014 , Sun et al., 2014a Shi et al., 2012; Chin et al., 2011; Kim et al., 2008; Rocha et al., 2008) The previously degreased and dewatered samples are sprayed under a double sided adhesive metal tape and placed in stubs. Then, the samples are covered with a gold film, in vacuum metallizer, and observed in the scanning electron microscope (Amadou et al., 2014; Rodrigues, 2014; Sun et al., 2014a,c; Silva et al., 2013; Leite et al., 2012; Shi et al., 2012) . As an alternative, the starch samples can be diluted in 100% ethyl alcohol in the proportion of 1/10 (p.v) and placed in the stubs for metallization (Sun et al., 2014b; Leonel, 2007) . Surface micrographs can be enlarged from 20x to 100,000x
with a resolution of 10nm (Canevarolo Junior, 2003) .
With the digital analysis of the microphotographs obtained by MEV it is possible to determine the average size of the starch granules. 
Light scattering
Another methodology used to determine the size distribution of starch granules is the laser light scattering based on the assumption that the granules are spherical. However, Singh et al. (2003) says that laser light scattering may not be accurate, since depending on the type of starch, these may present slightly oblong, irregular or cuboid (Eliasson, 2004; Tester et al., 2004) .
The light scattering is used for the purpose of analyzing the distribution of the particle size of the starch, with light scattering being the most used technique (Qin et al., 2016; Shi et al., 2011; Pignatello et al., 2006) . 
Optical microscopy
Optical light microscopy coupled to a digital image analysis system can also be used for the purpose of determining the size distribution of the starch granules Rocha et al., 2008; Kim et al., 2008 and Leonel, 2007) . According to these authors, size is determined by measuring the largest diameter of the granules.
Leonel (2007) 
Methodologies for studying the thermal properties of starch
The behavior of the starch paste properties is determined by the changes occurring in the starch granules during the gelatinization and retrogradation process. These changes can be measured mainly by changes in viscosity during heating and cooling of starch dispersions (Peroni, 2003; Eliasson, 2004; Damodaram, 2010) . The starch paste properties are affected by the amylose, lipid, sugar and phosphorus contents, as well as by the branched chain length distribution of amylopectin.
Amylopectin favors swelling of starch granule and impasto, while amylose and lipids inhibit them (Chantaro and Pongsawatmanit, 2010) . In addition, interactions of the starch with gums can cause increase of paste viscosities and reduce the tendency for starch retrogradation due to the increase of water retention (Leite et al., 2012) .
Rapid Visco Analyser
Equipment such as the Brabender viscoamylograph and more recently, the rapid viscoamylograph or rapid viscosity analyzer (RVA) are widely used for the study of the behavior of starch paste (Sun et al., 2014b,c; Amadou et al., 2014; Chantaro et al., 2013; Oro et al., 2013; Chantaro and Pongsawatmanit, 2010) , as it evaluates the changes in the viscosity of the starch solution during heating, followed by a cooling.
According to Peroni (2003) min. On cooling, the same rate is used until the temperature of 50 °C is reached, maintained at 50 °C for 2 min (Sun et al., 2014b,c; Amadou et al., 2014; Chantaro et al., 2013; Oro et al., 2013; Chantaro and Pongsawatmanit, 2010) .
Differential scanning calorimetry
Differential scanning calorimetry (DSC) has proved to be an extremely valuable tool in the study of the thermal properties of starch, and according to Donovan (1979 , cited by Singh et al., 2003 , it can be used to quantify crystallinity in native and retrograded starches , to determine the kinetics of retrogradation, and to study the effects of factors that influence retrogradation. Studies by Qin et al. (2016) , Amadou et al. (2014) , Sun et al. (2014a, b, c) , Shi et al. (2012) , Chin et al. (2011 ), Chantaro & Pongsawatmanit (2010 , and Kim et al. (2008) Thereafter, they should be kept for 12 h at room temperature to standardize the water distribution. It is also recommended that the analysis be carried out in two stages: in the first stage they should be heated from 20 to 180 ° C and in the second, they should be cooled from 180 to 20 ° C, and at all stages should be carried out at a rate of 10 °C/min. An empty aluminum sample port can be used as a reference.
The choice of material to calibrate the equipment should be based on the temperature range to be explored in the experiment, with the most used material in this step being Indium (melting temperature of 156.6 °C and enthalpy of 28.5 J/g) .
An instrumental factor that interferes with DSC curves is the type of fluent gas, since some (air, O2, H2) may interact with the sample (Canevarolo Junior, 2003) . Seetapan et al. (2013) and Shi et al. (2012) used nitrogen gas as the entrainment gas. Although data may interfere with the results of the analysis, few papers present these in the description of the methodology. 
CONCLUSION

